Introduction
The emergence of a new disease most frequently results from a change in the ecology of the host, pathogen or environment, or an interaction of all three [1] . A classic tenet of disease ecology is that disease is not simply a factor of the host's resilience and resistance, but rather occurs at the intersection of host dynamics, properties of the pathogen and environmental conditions (i.e. the disease triangle) [2] . White-nose syndrome (WNS), the epizootic disease caused by a fungus, has killed millions of North American bats since 2007 [3] . In what is often described as a 'perfect storm', WNS is deadly due to the negative synergism among susceptible hosts (hibernating bats) that have limited opportunity to respond to infections during hibernation, a cold-loving fungal pathogen Pseudogymnoascus destructans (hereafter Pd) that invades and destroys the skin, and the cool, humid environment in which the host and pathogen reside [4] [5] [6] . While Palaearctic bats in Europe and Asia have probably coexisted with Pd for several thousand years [7, 8] , the fungus has only recently spread to North America via anthropogenic introduction, causing mass mortality. Predictions of regional or range-wide extinction of once common species highlight the need to understand the mechanisms behind survival and mortality of North American bats infected with Pd [9] .
A comprehensive understanding of the physiological responses of the host is pivotal to decoding the factors contributing to WNS. In general, fungal species are unable to cause severe diseases in mammals due to the high body temperature and effective immune system of the host [10] . However, Pd is successful at invading the epidermis and adnexa of many North American bats because infection occurs during hibernation, when body temperature is significantly lowered [11] and some immune responses are presumably downregulated [12] . Infection causes cupping erosions on wing membranes, muzzles and ears [13] . The invasive cutaneous mycosis [14] causes alterations in hibernating behaviour [5, 15, 16] , physiology [17] [18] [19] and immune function [20] . These result in increased frequency of arousals from hibernation in WNSaffected little brown myotis (Myotis lucifugus) [16, 21] and cause mortality by depleting the fat reserves necessary for survival before winter is over [5, 15] .
Hosts must mount an appropriate immune response to pathogens to avoid reductions in fitness or survival rates. In a previous study, we found that little brown myotis affected by WNS detect fungal infection within epidermal tissue and activate an innate immune response that includes local inflammation [20] . To generate the appropriate adaptive response, antigens should then be transmitted by activated dendritic cells to the regional lymph node where inflammatory cytokines should help generate an appropriate T-cell response. One possible outcome is a humoral adaptive response involving the selection and activation of B cells to generate antibodies specific to fungal antigens. Antibodies that can bind to Pd have been detected in North American and European species of bats [22] , suggesting a humoral immune response might be used during fungal infection. However, we found that although North American and European bat species in the wild vary in their levels of antibodies that recognize Pd, titres do not correlate with either protection or susceptibility to WNS [23] . We have also shown that some North American bats that had not yet been exposed to Pd have antibodies that are cross-reactive to Pd [22] , presumably stimulated in response to another fungus. By contrast, some European bats appear to have relatively low levels of antiPd antibodies despite endemic Pd exposure, suggesting that their low antibody titres are beneficial and that a significant humoral responses to Pd may indeed be maladaptive [22] .
We propose that the limited resources available to mount an immune response during hibernation represent a bottleneck to WNS survival. Antibody-mediated responses to fungal pathogens are more often associated with immune pathology instead of protection [24] . Conversely, other T-cell-mediated immune responses are more typically associated with controlling fungal infections in humans and other mammals [23] . These adaptive immune responses are regulated by the cytokines produced by different subsets of T cells. Antibody responses are driven by T helper 2 (Th2) immune responses, including the cytokine interleukin 4 (IL-4) [25] , but protective antifungal immune responses are more likely to be driven by different T-cell subsets, either Th1 or Th17 cells [26, 27] . The cytokines interleukin 6 (IL-6) and interleukin 17A (IL-17A), produced by Th17 cells, are key mediators of antifungal immunity, at least in most tissues in humans and mice [28] . Thus, understanding host immune response to pathogens involves both identifying the type of immune responses exhibited in an infected population, as well as experimentally evaluating the physiological consequences of those responses.
Because mounting an appropriate immune response to fungal pathogens is important to host survival, the downregulation of immune function during the hibernation period has been cited as playing a major role in WNS [13] . Suppression of certain immune responses is seen as a major physiological trade-off of torpor [12] , and has been clearly demonstrated for antibody responses to T-cell-dependent antigens, but not T-cell-independent antigens, in hibernating 13-lined ground squirrels [29] . Antibody responses to the Pd cell wall are likely to be T-cell independent [30] and we wanted to test whether hibernation prevents the amplification of this response in bats. Our previous work has shown that hibernation does not prevent inflammatory responses to Pd in the infected tissue [20] . However, it is not known whether that inflammatory response can be transmitted to the local lymphoid tissue during hibernation and whether it can generate an appropriate adaptive response regionally. We wanted to test whether the cytokine expression that we had previously detected in the infected tissue (including IL-6, IL-23 and IL-17C) [20] generated the expected antifungal Th17 response in the regional lymphoid tissue.
We tested the hypothesis that anti-Pd humoral responses may result in differences in susceptibility to WNS by being either harmful or protective. Bats with higher titres may be pre-disposed to a humoral response to Pd, at the expense of a response that is more likely to be protective. We also further studied responses to Pd-infection during hibernation by looking at the expression of inflammatory and immunoregulatory cytokines associated with Th1, Th2 and Th17 responses in two relevant tissues: the wing tissue, showing responses at the site of infection, and the axillary lymph nodes that drain the wing tissue, where adaptive immune responses to the infection will be coordinated. We predicted that (i) infected bats with high pre-hibernation anti-Pd titres will exhibit lower survival compared with infected bats with low titre. We also predicted that (ii) infected bats with high titres will have a greater Th2 than Th1 or Th17 signature compared with bats with low titres and (iii) hibernation will not prevent the amplification of a humoral response or the generation of a Th1, Th2 or Th17 response in the regional lymph node.
Material and methods (a) Bat capture and sampling protocols
We established a captive population of M. lucifugus naive to Pd in August 2014, with bats caught during swarming at a major hibernaculum in Greenland, MI, USA. After capture with harp traps, bats were sexed, aged ( juvenile/adult), weighed and banded. Wings were swabbed with dry cotton swabs for analysis by quantitative-PCR (qPCR) to confirm negative Pd-status [31] . After swabbing, bats were placed in individual cheesecloth bags and transported to Bucknell University. After 4 days of acclimatization, we punctured a vein in the uropatagium (tail wing membrane) using a 27.5-gauge sterile needle [32] and collected blood into heparinized, microhematocrit, capillary tubes (Kimball Chase Life Science, Vineland, NJ, USA). The contents of the capillary tubes were immediately centrifuged to separate plasma from blood cells; plasma was flash frozen and stored at -808C. Titres of anti-Pd antibody were measured in triplicate following Johnson et al. [22] .
rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20162232 (b) Experimental hibernation procedures Based upon measured anti-Pd antibody titres, we placed bats into one of two treatment groups-high (mean 43.0 + 96.3) or low titre (mean 10.0 + 0.6)-which were further subdivided into control and infected groups resulting in four groups for the experiment: (i) high infected, (ii) low infected, (iii) high control and (iv) low control. Two replicate cages were used for each treatment. To the extent possible, we randomly selected an equal number of males and females to be placed into each treatment group (n ¼ 14-15 bats per group) with a matching distribution of body masses in each group. To assess hibernation behaviour, a temperature data logger (WeeTag, Alpha Mach Inc, Ste-Julie, QC, Canada) was attached with a bonding agent (Torbot, Cranston, RI, USA) after hair between the shoulder blades was trimmed. Loggers recorded skin temperature (T sk ) every 10 min. Each bat was then either sham inoculated (control groups) with 50 ml of phosphate-buffered saline with 0.05% Tween-20 (PBST) or inoculated (infected groups) with 5000 conidia of Pd, suspended in 50 ml PBST [31] . The solution was dispensed onto the ventral surface of one wing below the wrist, and distributed along the wing by gentle manipulation of the wing [21, 22, 31] .
All infected bats were inoculated, temperature loggers were attached and animals were placed into low-temperature environmental chambers (Percival model no. I36VLC8) on 26 September 2014. Bats in each treatment group were housed in separate, open-air, aluminium cages (two cages per treatment; Zoo Med Laboratories, San Luis Obispo, CA, USA). Cage effect did not confound the main effects in the statistical models, and we were able to use individual bats as experimental units for our analyses. Each cage was provided with ad libitum water and placed into environmental chambers set to maintain a constant temperature of 48C and greater than or equal to 90% relative humidity. Control and inoculated treatments were housed in separate environmental chambers, with replicates of each treatment housed in the same chamber, to ensure that no Pd transmission can occur between cages. Moreover, cages were not in contact, also preventing Pd transmission between cages [4] . Data loggers recording temperature and relative humidity (TransiTemp II, MadgeTech, Warner, NH, USA) were placed inside each environmental chamber to confirm environmental conditions. To avoid disturbance and unnatural arousals from hibernation, chambers were opened to provide freshwater and remove moribund bats only once every three weeks. Activity of bats during hibernation was monitored with infrared cameras placed inside the chambers.
(c) Post-hibernation procedures
At 16 weeks post-exposure (3 February 2015), we sampled the surviving bats. Cages were removed from environmental chambers 20 min prior to the start of euthanasia to allow all animals to rewarm from torpor and reach euthermic body temperature. For each individual, time between removal of cage from the chamber and the time that a bat was euthanized was recorded (range ¼ 20-118 min, mean ¼ 69 min). Individual bats were removed from their cage and immediately swabbed on the wing tissue for qPCR analysis identifying DNA from Pd, and the wings were photographed with UV transillumination to assess the intensity of infection with Pd [33] . We then recorded mass and euthanized bats using isoflurane followed by decapitation. A sample of whole blood was immediately collected into 75 ml heparinized capillary tubes. Blood samples were processed as described above. The remaining carcass was dissected immediately and the wing tissue and lymph nodes stored in RNAlater. Post-hibernation anti-Pd antibody titres were measured in triplicate as described in bat capture and sampling protocols. Infection status of individuals was confirmed with Pd-specific qPCR [31] and by analysis of UV images. Fresh samples are needed for RNA extraction and antibody titre measurements, thus bats found dead prior to the end of the 16-week hibernation period were not used for further analyses.
(d) RNA extraction and quantitative-PCR analysis
RNA from wing and lymph node tissues was extracted using RNA isolation kits (Qiagen, Redwood, CA, USA) with an on-column DNase I treatment (details provided in the electronic supplementary material, S1). PCR primers for the cytokine genes interleukin 6 (Il6) and the reference gene, ancient ubiquitous protein 1 (aup1), were designed based on the transcriptome assembly generated in [20] . Primers for interleukin 1b (Il1b), interleukin 4 (Il4), interleukin 17A (Il17a) and interferon-g (ifng) transcripts were designed based on M. lucifugus genome sequence (Ensembl). Primer details and amplification efficiencies are reported in the electronic supplementary material, S2. qPCR assays were run on duplicates for each gene and sample on a LightCycler 96 instrument (Roche, Basel, Switzerland) with Fast Start Essential DNA Green Master (Roche) (details provided in the electronic supplementary material, S1).
(e) Data analyses (i) Arousal frequency, scaled mass index and survival analyses Arousals from torpor were determined for each individual using temperature logger data with runlength encoding and a custom function (ArousalFinder) in RSTUDIO v. 0.99.879 (R Core Team, 2015) as described in [34] . The date of death for each individual was determined as the point of last arousal or, for survivors, as the day of sampling after hibernation. Arousal frequency was determined as the probability of bat arousal on a given day post Pd-exposure (number of arousals/number of days between first and last arousal) [34] .
A scaled mass index (SMI; pre-hibernation ¼ mass Â (mean forearm length/forearm length) 0.02029 , post-hibernation ¼ mass Â (mean forearm length/forearm length) 0.1462 ) was calculated as suggested in [35] . Differences in survival between groups were estimated with function Survfit in R based on Cox's non-parametric hazard model [36] .
(f ) Statistical analyses
All analyses were conducted in R v. 3.2.1 (R Core Team, 2015). The differences in anti-Pd titres between September and February within survivors were tested using paired, one-sided Wilcoxon's tests.
Differences in post-hibernation titre and mRNA level of logtransformed Il6 and Il1b in the wing tissue and Il6, Il17a, Il1b and Il4 in the lymph node tissue were analysed using analysis of variance (ANOVA) in R. The main effects in the initial model for post-hibernation titre included pre-hibernation titre (high and low group), infection status (infected or control) and their interaction. As covariates, we included the proportion of body mass lost during hibernation (dSMI ¼ ( pre-hibernation SMI 2 post-hibernation SMI)/pre-hibernation SMI), time to euthanasia (i.e. minutes after removing the cage from the hibernation chamber until euthanasia) and the interaction of each of the covariates with the main effects. Proportion of SMI lost during hibernation partially reflects water loss due to evaporation, which was expected to increase plasma concentration of anti-Pd antibodies. Time to euthanasia indicates the time that the bat has spent at euthermic body temperature before euthanasia, which was predicted to be reflected in the immune response. We excluded the interactions of infection status and proportion SMI lost as well as infection status and time to euthanasia from the model because they were not significant. Tukey's honestly significant differences (HSD) test from package agricolae was used for post hoc pairwise comparisons of post-hibernation anti-Pd titres. We ran the test between infected and uninfected rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20162232 bats from low and high pre-hibernation titre groups, grouping the individuals into four groups, because we found a significant interaction of these effects in the ANOVA. The model included the interactions of pre-hibernation titre and time to euthanasia, and pre-hibernation titre and proportion SMI lost, as well as proportion SMI lost and time to euthanasia, as in the initial ANOVA.
Because pre-hibernation titre was not associated with survival, we only included the main effect of infection group in the gene expression models. We predicted that the time to euthanasia could affect the activation of gene expression, but after we found that neither it nor the interaction between time to euthanasia and infection group was significant in the models, we excluded it from the models. Proportion SMI lost during hibernation was included in all gene expression models, because it had a significant effect on two of the genes. The interaction of proportion SMI lost and infection was not significant in any model, and was therefore excluded. We chose to use proportion of SMI lost in the final models because it is more directly related to fat consumed by the bat during the hibernation period than the SMI after hibernation. The residuals of the ANOVAs conformed to a normal distribution based on qqplots, and had non-significant heteroscedasticity based on the Fligner-Killeen test. All ANOVAs were performed using function lm and type II sums of squares were estimated using function ANOVA from package car [37] . Significance was determined based on a of 0.05. When the covariates were significant in the model, we calculated Pearson's correlation coefficients between the covariate and the dependent variable.
Alternative models for all variables were built using posthibernation SMI instead of proportion SMI lost as the covariate. To ensure that potential cage effects did not bias our results, we additionally analysed the post-hibernation titre and the logtransformed gene expression values by maximum-likelihood linear mixed models (lmer, package lme4) [38] treating cage as the random effect. The results were visualized using R base graphics and GGPLOT2 [39] .
Results
To determine if pre-existing antibodies to Pd had an effect on WNS survival, we compared mortality rates during the captive infection experiment. Infected bats had higher mortality than control bats not exposed to Pd ( p ¼ 0.001; electronic supplementary material, S3). The expected mortality of infected bats was, on average, 2.2-fold higher than in the control bats (95% confidence intervals 1.2 and 4.1). Neither pre-hibernation SMI nor arousal frequency had a significant effect on the observed mortality of infected or uninfected bats (table 1) .
Next we examined how exposure to Pd influenced anti-Pd antibody levels. Despite not affecting survival, antiPd antibodies post-hibernation were significantly higher than pre-hibernation in bats that survived hibernation in all four experimental groups (Wilcoxon's test, control low p , 0.001, control high p ¼ 0.004, infected low p ¼ 0.017, infected high p ¼ 0.016, figure 1 ). The 6.7 + 5.0-fold increase in titre for bats not infected with Pd was presumably due to physiological changes that occur during hibernation (dehydration) or exposure to other fungal antigens. Titres were highest after hibernation in infected bats that were assigned to the high-titre group pre-hibernation (table 2, figure 1 ) and increased 5.8 + 2.6-fold in this group. We also found a significant interaction explaining post-hibernation antibody titres between high/low-titre assignment and post-hibernation time to euthanasia (table 2); antibody titres decreased in high bats (both infected and control) the longer they were aroused before euthanasia, but remained low in low bats. A significant interaction explaining post-hibernation antibody titres between high/low-titre assignment and proportion body mass lost during hibernation was also found (table 2) , but the interaction between high/low-titre assignment and post-hibernation body condition was not significant in the alternative model (electronic supplementary material, S4).
Given that an antibody-mediated immune response does not appear to be protective or pathological [22] , we next wanted to examine whether the local immune response in the wing tissue is generating the expected response in the regional lymph node. Expression was compared between bats exposed to Pd and uninfected bats for five cytokines in the wing tissue and the axillary lymph nodes. Of the five cytokines (Il4, Il1b, Il17, Il6 and ifng) that we examined, we Table 1 . Details on the number of individuals (males /females) and mean + standard deviation of body condition index (SMI), anti-Pd titres before and after hibernation, and arousal frequency during hibernation, grouped by treatment and titre level before hibernation. (figure 2c and table 2) . We did not find significant WNS-associated increases for the other immunoregulatory cytokines that we examined, in either the lymph nodes or the wing tissue.
To assess whether the elevated levels of inflammatory cytokine gene expression that we observed might influence WNS pathology, we determined whether cytokine gene expression correlated with other physiological measurements, such as hibernation behaviour. However, we found no statistically significant difference in arousal frequency between treatment and control groups, thus making the correlation with cytokine expression uninformative. Previous hibernation experiments of similar duration have also shown no differences in arousal frequency between infected and uninfected bats [21] . We used the proportion of SMI lost during hibernation as a measure of a loss of body condition during hibernation [40] . We found a significant negative correlation between wing tissue Il6 and Il1b mRNA expression and proportion SMI lost during hibernation ( p ¼ 0.011 and 0.004; electronic supplementary material, S5). In summary, a greater decline in mass during hibernation (and, presumably, lower likelihood of survival) correlated with lower Il6 and Il1b expression in the wing. We 27 ). Consequently, the results of models using the former instead of the latter as a covariate produced similar results for the gene expression models (electronic supplementary material, S3). Thus, bat body condition at the end of hibernation reflects the amount of body mass lost during hibernation, and both correlate with cell-mediated immune responses (table 2; electronic supplementary material, S6) . We also built alternative models including the replicate cage as random effects, and found that the main effects of linear mixed models agreed well with the linear models (table 2; electronic supplementary material, S7).
Discussion
Our experiment elucidates the underlying immune responses of hibernating M. lucifugus to the fungal pathogen, P. destructans. Owing to our previous observation of relatively low anti-Pd antibody levels among European bats resistant to WNS, we predicted higher mortality in bats naive to Pd with higher pre-hibernation titres of antibodies that were cross-reactive with Pd. However, we observed no difference in survival between these groups. This experimentally confirms that antibodies play no causative role in either a protection or pathology in WNS, as previously suggested by the lack of correlation found in wild bats [22] . We then further examined transcription levels of Il17a, Il4, Il6, Il1b and ifng to determine whether a T-cell response (Th17, Th2 or Th1) occurs during Pd infection in the winter. We found that Pd infection induced the expression of Il6, an inflammatory cytokine that can be associated with a Th17 response, in the wing tissue. This observation is consistent with our previous transcriptomic study [20] and indicates that a local inflammatory immune response occurs at the site of infection. We also examined cytokine gene expression in the lymph nodes that drained the infected tissue to determine if either hibernation or Pd infection prevents the subsequent generation of a regional T-cell response. We found increased expression of Il6 and Il17a in the axillary lymph nodes in infected compared to uninfected bats, demonstrating the initiation of a Th17 response. This observation reveals that hibernation (i.e. torpor and arousals during overwintering) does not prevent regional immune responses, although it remains to be determined whether this response occurs during torpor or is restricted to periodic euthermic arousals.
The results from our experiment indicate that both humoral and cell-mediated immune responses to Pd occur in M. lucifugus during hibernation, or at least during the periodic arousals. Antibodies to Pd increased during infection while the bats were hibernating, particularly in bats that had higher antibody titres entering hibernation. This demonstrates that B cells retain the ability to respond to infection in bats while hibernating, similar to T-cell-independent B-cell responses in hibernating 13-lined ground squirrels [29] . Hibernation also did not prevent the local inflammation that led to the generation of a Th17 response in the draining lymph nodes for the infected tissue. It is possible that the increased arousal frequencies observed in some bats during WNS [5, 15] may be a misguided attempt to accelerate this protective response. The resulting Th17 response could even contribute to the disruption of torpor patterns observed during WNS [15] . Unfortunately, our torpor arousal data for this experiment cannot address this question because we did not find significantly increased arousal frequencies either for bats with high Il17 expression levels or Pd infection. Previous studies have found that the increased arousal frequency is most pronounced at the end of the hibernation period [15, 34] . In this study, the bats were taken out of hibernation at the beginning of the last quartile of hibernation in order to have enough individuals in each group for statistical analysis, probably explaining the lack of difference in arousal rates between infected and control bats.
We found that local inflammation at the site of infection, represented by increased Il6 and Il1b expression, was probably protective as it was associated with lower decreases in body condition. WNS may represent, in part, a protective local inflammatory response that contributes to pathology when the inflammation becomes systemic. The Th17 response to Pd may also contribute to the inflammatory pathology that is present upon emergence from hibernation [14] . Our results indicate that M. lucifugus generates a Th17 response to Pd during hibernation, similar to euthermic mammals infected cutaneously with other fungi [27] . However, the response is not able to clear the infection during hibernation and its generation may lead to disruptions in thermoregulatory behaviours that contribute to WNS mortality.
Adaptive immune responses to pathogenic fungi can provide sterilizing protection, lead to a chronic infection or cause pathological inflammation [41] . The outcome is determined by the type of effector T cells that are generated and varies depending on the nature of the fungal pathogen. In our prior study [20] , only a single IL-17 family member was significantly upregulated in the wing tissue in bats with WNS: Il17c, which is produced by non-immune cells. The increased expression of Il6, found in both studies, together with the increased expression of other cytokines and chemokines found in our transcriptomic study [22] , is expected to initiate a Th17 response that should recruit neutrophils to the site of infection. Indeed, in the present study we found a significant increase in lymph node levels of Il17a and Il6 mRNAs between infected and uninfected bats, demonstrating that this Th17 response has been initiated. In some instances, fungal pathogens can prevent the formation of an appropriate host response, as observed during infection by the fungal pathogen causing chytridiomycosis in amphibians [42] . However, this does not appear to occur during WNS, at least by the same mechanism of suppressing the generation of an appropriate immune response. We have found that generation of a Th17 immune response in the lymph node probably occurs, and suggest the lack of neutrophils and other leukocytes at the site of infection could be due to a block, which is removed after emergence from hibernation.
The ecological effects of WNS, and whether species and populations can persist, depends on the interplay between the host, environment and pathogen. Interspecies and individual preferences for hibernacula microclimates and winter ecology dictate how effectively Pd is able to colonize bats [31, 34, 43] . Infection severity depends on competing microbes [44] and the initial defensive responses of the bat [20, 22, 45] . As shown in the current study, the type of host immune response may determine whether the infection remains commensal, as found in some European bat species, or becomes pathological, as is typical in M. lucifugus and many other rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20162232
North American bat species. If lacking an appropriate immune response, as described here, severe infection can cause electrolyte depletion [46] , evaporative water loss [18] and other metabolic changes [19] , which may lead to an increase in arousal frequency. The increase in arousal frequency caused by WNS explains 58% of the morbidity associated with Pd infection due to depletion of fat stores [15] . Even those bats that survive the full winter season are faced with recovery from infection [47] and possibly a rapid reversal of immune suppression in spring that appears to cause immune reconstitution inflammatory syndrome [14] . These may delay the parturition of female bats and result in lower body condition of both juveniles and females before the subsequent hibernation, increasing the risk of WNSassociated mortality in following years [48] and leading to an extinction vortex. The results we present here contribute to unravelling mechanisms causing WNS by describing the activation of inflammatory pathways during the hibernation period. However, the relationships between different contributing factors determine the ultimate outcome.
Here we assessed the function and importance of adaptive immune responses during hibernation as a means of persistence towards WNS in one of the most heavily impacted species, M. lucifugus. We conclude that antibody responses do not cause resistance or directly contribute to pathology, but that other types of immune responses may be more protective. We showed that hibernation does not prevent the amplification of antibody responses or the generation of a Th17 response in bats. Furthermore, the stimulation of an inappropriate inflammatory immune response during hibernation may negatively affect survival. The consequences of Pd infection on immune responses in each species should be taken into consideration in planning of conservation measures [49] .
Ethics. This study was carried out on bats from non-endangered species in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. All methods were approved by the Institutional Animal Care and Use Committee at Bucknell University ( protocol DMR-016). The bats were collected under a State of Michigan Scientific Collector's Permit (SC 1475).
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